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Herewith, we describe the synthesis of zinc oxide (ZnO) nanoparticles employing the 

precipitation approach and annealing it at various temperatures. The variations in the size 

and morphology of the nanostructures due to the temperature rise were probed by X-ray 

diffraction (XRD), Scanning Electron Microscopy (SEM),Energy Dispersive X-rays 

(EDX),BET Surface Analysis, Fourier Transformation Infrared (FTIR), and 

Thermogravimetric analysis (TG-DTA). The X-ray diffraction (XRD)graphs revealed a 

pure wurtzite structured ZnO nanoparticles. The Williamson–Hall X-ray peak profile 

analysis was employed to verify the crystallite sizes and lattice strain (ɛ) contributions to 

the broadening of the obtained nanoparticles XRD peaks. The data illustrated that the 

crystallite size calculated by Scherer’s equation, Williamson–Hall models, and the particle 

size from SEM are positively correlated. The SEM images of the ZnO nanoparticles 

demonstrated semispherical shape that transformed to spherical aggregates with annealing 

temperature rise. BET Surface area analysis, confirmed the formation of a mesoporous  

ZnO with 25.3641 to 8.7781 m
2
/g surface area and 16.03 to 25.03 nm mean diameter as 

the temperature range was increased from275°C to 600°C.Finally, the FTIR findings 

verified the ZnO formation as indicated by the existence of Zn-O stretching vibration at 

443.96 cm
-1

. 
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1. Introduction 
 

Recently, semiconductor nanomaterials have become a research focus owing to the 

attractive and fascinating optical and electrical properties, attributed to their size reduction, for 

diverse applications [1]. In particular, ZnO is a semiconductor nanostructure that has drawn 

substantial interest for applications such as sensing [2], bio-sensing [3], biological labels [4], dye-

sensitized solar[5] and electrochemical cells [6]. In general, different approaches for ZnO 

nanomaterials synthesis such as chemical vapor deposition [7], spray pyrolysis [8,9], thermal 

decomposition [10], hydrothermal [11], sol- gel [12,13] and precipitation [14-16] have been 

adopted. Among these methods, low-temperature precipitation process is cost-effective and 

scalable for fabrication of a various forms of nano-structured ZnO. In prior works, the 

precipitation technique has been effectively employed to design different ZnO structures [17]. The 

characteristics of the ZnO nanoparticles greatly depend on the crystal size, morphology, surface 

area and porosity [11].Several techniques for particle size measurement and morphology such as 

scanning electron microscopy (SEM) and transmission electron microscopy (TEM) analysis are 

employed. The XRD is suitable for determination of crystal structure, crystallite size and lattice 

parameters. The Williamson–Hall models are easy approach to calculate the crystallite size and 

lattice strain [18]. These two factors affect the Braggs’ diffraction peaks in many ways and 
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consequently alter the peak’s width and intensity along with reallocating the 2Өpeak values 

accordingly [19,20]. 

This work considers with the formation of ZnO nanoparticles via a precipitation route by 

reacting a zinc precursor i.e. zinc nitrate hexhydrate Zn(NO3)2.6H2O and sodium carbonate 

Na2CO3 in aqueous medium. The impact of annealing the obtained xerogel at 275
0
C, 375

0
C, 

475
0
Cand 600 

0
C on the morphology and structure of ZnO nanoparticles were discussed based on 

the data achieved by various techniques. The XRD graphs of the fabricated nanostructures were 

explored by Scherer equation and Williamson Hall models to derive and compare the crystallites 

structural parameters i.e. the crystallite size, strain, stress and energy density. Moreover, the effect 

of strain insertion in the different models on the average size and anisotropic nature of the ZnO 

nanoparticles was examined. 

 

 

2. Experimental procedure 
 

2.1. Synthesis of ZnO nanoparticles 

Zinc nitrate hexahydrate (Zn (NO3)2.6H2O), sodium carbonate (Na2CO3), absolute ethanol 

(CH3CH2OH, purity 99.7%), procured from Merck, and distilled-water were utilized in the 

research. All chemical were of analytical grade and used as received. A solution of 

(0.1moleZn(NO3)2.6H2O was prepared by dissolving (29.747 g) in 200 ml of distilled water and 

0.12 mole ofNa2CO3prepared by dissolving(12.7188 g) of Na2CO3 in 240 ml of distilled water. 

The prepared zinc nitrate solution was added to the other solution drop-wise under vigorous 

stirring. The white precipitate was separated by filtration then rinsed repeatedly with distilled 

water and ethanol, respectively and finally oven-dried at 110
0
C for 6 h to get the ZnO precursors. 

Annealing of the precursors was carried out in a muffle furnace at275
0
C,375

0
C,475

0
Cand 600

0
C 

for 4.0 h to acquire the ZnO nanostructures. 

 

 

2.2 ZnO nanoparticles Characterization 

The X-ray peak profile analysis (XPPA) was utilized to obtain the crystallite size, lattice 

parameters, lattice strain, lattice stress and strain energy density [18] using D8 Advance 

diffractometer  (Bruker, Germany) with Cu-Kα radiation (λ = 0.15406 nm) with an accelerating 

voltage of 40 kV and an emission current of 30 mA. The morphology of the nanoparticles and its 

modification by temperature was done by scanning electron microscopy (SEM) (Phenom XL, 

Netherland).. The elemental constituent of the prepared samples was studied by means of energy 

dispersive X-ray (EDX) analysis. Similarly, the alterations in surface area and porosity due 

annealing temperature were scrutinized via nitrogen adsorption analysis (BET)on a Micrometrics 

ASAP 2020 apparatus, (before doing the measurements the samples were degassed at 200 °C for 

20 min under 0 to 950 mmHg pressure).  The thermal stability of the xerogel was examined though 

thermal gravimetric analysis TGA(Model: Mettler Toledo) under0.02 to 250 K/min heating pace 

from ambient temperature till 1000C in150 µL crucible). The FTIR analysis was conducted to 

indicate the ZnO nanoparticles formation spectroscopy (Model: Nicolet 6700) in the range 4000 - 

400 cm
-1

 with a resolution of 4 cm
-1

). 

 

 

3. Results and discussion 
 
3.1. The XRD analysis 

3.1.1 Variation of crystalline size with annealing temperature  

The XRD graphs of the ZnO samples illustrated in Fig.1exhibita wurtzite (hexagonal 

phase) structure. The entire XRD peaks are in excellent conformity with the(JCPDS) card No. 36-

1451[21]. All examined samples have their strongest line corresponding to the(1 0 1) plane. In 

addition, as the annealing temperatures were increased the diffraction peaks became narrow with 

higher intensity. This is an indication of a good crystalline structure formation. Moreover, the 

broadening of the(101) diffraction peaks in Fig. 1 reflects the nano-sizes of the prepared ZnO 
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nanoparticles (Table I)as previously reported [22]. Therefore, it is clear that there is an improved 

nanoparticles crystallinity with raising the temperature from 275
0
C to 600

0
Cto provide adequate 

thermal energy [23]. The average crystallite sizes (D) of the nanostructures were computed by 

Debye Scherer expression [24]: 

 

𝐷 =
0.9λ

β cos θ
     (1) 

 

where  1.5406A
0
 is the Cu k  line, is the Braggs’ XRD diffraction angle and is the full width 

at half maximum(FWHM) in radians. 

 

 

 

Fig. 1. XRD graphs of ZnO nanoparticles annealed at (a) 275
0
C, (b) 375

0 
C, (c) 475

0
 C and (d) 600

0
C. 

 

 

Table 1. ZnO crystallite  size at different annealing temperatures. 

 

Annealing T 
o
C 

𝛽 

radian 
X = 2𝜃 

𝜃 

(degree) 

Crystallite size    

(nm) 

275
 0.4342 36.2618 18.13091 19.25 

375 0.3044 36.2216 18.11084 27.45 

475 0.2446 36.2307 18.11535 34.18 

600 0.2242 36.2267 18.11336 37.27 

 

 

The lattice parameters(a and c) for ZnO nanoparticles were calculated using 

equation(2).The plane d-spacing (d) associated with the lattice parameters a, c and the Miller 

indices(h, k, l) is calculated via the theoretical (3) and Braggs’ equations (4) as well [25-27]: 

 

𝑎 =
λ

√3 sin θ100
and𝑐 =

λ

sin θ002
                               (2) 

 
1

𝑑2
= [

h2+hk+k2

a2
] +

l2

c2
                                       (3) 

 

𝑑 =
λ

2 sin θ  
                                                       (4) 

 

where  and are the diffraction peaks angles of the (100)and (002) planes  respectively. 

The lattice parameters(a and c) (Table 2) are almost identical to those reported in the (JCPDS 36-
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1451) card for ZnO [21].The d-spacing values obtained from the Braggs’ law (4), and the 

theoretical (3) equations, are almost identical (Table2). 

 

 
Table 2. ZnO samples Lattice parameters (c, a), and the inter-planer d-spacing. 

 

Annealing T  

o
C 

2𝜃 

(degree) 

Lattice parameters(A
0
) 

𝑐
𝑎⁄  d (Bragg) 

d 

(theoretical) (c) (a) 

275 36.2618 5.2062 3.2479 1.6029 2.4753 2.4776 

375 36.2216 5.2098 3.2510 1.6025 2.4776 2.4776 

475 36.2307 5.2108 3.2519 1.6023 2.4772 2.4768 

600 36.2267 5.2098 3.2509 1.6026 2.4198 2.4776 

JCPDS 36-1451 36.2530 5.2070 3.2500 1.6021 - - 

 

The length of the Zn–O bond was calculated using equation (5) 

 

𝐿 = √[(
𝑎2

3
) + (0.5 − 𝜇)2 ∗ 𝑐2]      (5) 

 

Where (µ) is the positional parameter of the wurtzite structure that indicates the extent of  atoms 

displacement relative to the following plane in the  c  axis, as expressed with equation (6): 

 

𝜇 =
𝑎2

3𝑐2 + 0.25                                                                (6) 

 
 The calculated ZnO bond length values (Table 3) are in excellent agreement with the      

1.9767 A° reported in literature [28,29]. 

 
Table  3. Zn-O bond lengths of ZnO nanoparticles at different annealing temperatures. 

 

Annealing T  

o
C 

hkl(1 0 1) 
𝝁 L (A

0
) 

2Ө (degree) c (A
0
) a(A

0
) 

275 36.2618 5.2062 3.2479 0.3797 1.9770 

375 36.2216 5.2098 3.2510 0.3798 1.9786 

475 36.2307 5.2108 3.2519 0.3798 1.9792 

600 36.2267 5.2098 3.2509 0.3797 1.9788 

 

 

3.1.2. Williamson–Hall (W–H) methods for estimation of microstrain ( ) and  

crystallite size (D) 

3.1.2.1. Uniform deformation model (UDM) 

As stated by Williamson–Hall approach [30],strain and crystallite size have significant 

contribution to the broadening of diffraction lines(equation 7) [26,31]. One of Williamson–Hall 

equations is the uniform deformation model (UDM). In this model, it is presumed that a crystal is 

isotropic [18] and consequently its properties are unconnected with the crystallographic direction 

along which the measurement is done. 
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𝛽ℎ𝑘𝑙 𝑐𝑜𝑠 𝜃ℎ𝑘𝑙 =
𝑘𝜆

𝐷
+ 4𝜀 𝑠𝑖𝑛 𝜃ℎ𝑘𝑙                             (7) 

 

A plot of βhkl cos θhklversus4 𝑠𝑖𝑛 𝜃ℎ𝑘𝑙is a linear presentation of the data [18], the 

crystallite size (D) and microstrain (𝜀)are respectively obtained from the intercept and slope of the 

line(Figures. 2a,2b,2c and 2d).The results obtained are listed in Table 4. 
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Fig. 2 UDM  graph for the ZnO sample annealed at  

a)275 
0
C; b)375 

0
C; c) 475 

0
C; d)  600 

0
C. 

 

 

3.1.2.2. Uniform stress deformation model (USDM) 
As the isotropy and homogeneity conjecture is unfulfilled in many cases, a more realistic 

anisotropic model is therefore delegated. Accordingly, Williamson– Hall formula is modified by 

introducing an anisotropicity term of strain(𝜀) [32]. In the Uniform stress deformation model 

(USDM), Hooke’s law represents the strain in addition to a direct correlation linking the stress (𝜎), 

anisotropic microstrain (𝜀) and Young’s modulus(Yhkl)as given by 𝜎 = 𝜀Yhkl. For hexagonal ZnO 

nanoparticles (Yhkl)was given as 127GPa[26].Thus, the Williamson–Hall expression is remodeled 

to (8): 

𝛽ℎ𝑘𝑙 𝑐𝑜𝑠 𝜃ℎ𝑘𝑙 =
𝑘𝜆

𝐷
+

4𝜎 𝑠𝑖𝑛 𝜃ℎ𝑘𝑙

𝑌ℎ𝑘𝑙
                                     (8) 

 

By plotting 𝛽ℎ𝑘𝑙 𝑐𝑜𝑠 𝜃ℎ𝑘𝑙as a function of, 
4𝜎 𝑠𝑖𝑛 𝜃ℎ𝑘𝑙

𝑌ℎ𝑘𝑙
the 𝜎andD are determined from the 

slope and intercept respectively, while 𝜀isenumerated applying Young’s modulus, Yhkl, of ZnO 

nanoparticles hexagon. Figures (3a, 3b, 3c and 3d) show the USDM for the four annealed samples 

and the data obtained is recorded Table 4. 
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Fig. 3 USDM  for ZnO  sample annealed at  

(a) 275 
0
C; b) 375 

0
C; c) 475 

0
C; d) 600

0
C 

 

 

3.1.2.3. Uniform deformation energy density model (UDEDM) 

Another form of Williamson– Hall methods termed the uniform deformation energy 

density model (UDEDM) which is applied to deduce the crystal’s energy density (𝑢𝑒𝑑).In case of 

elastic systems that comply with Hooke’s law, 𝑢𝑒𝑑is related to the strain by the formula𝑢𝑒𝑑 = (
2
Yhkl)/2[

26
].Equation (9) gives the UDEDM term: 

 

𝛽ℎ𝑘𝑙 𝑐𝑜𝑠 𝜃ℎ𝑘𝑙 = (
𝑘𝜆

𝐷
) + (4 𝑠𝑖𝑛 𝜃ℎ𝑘𝑙 (

2𝑢𝑒𝑑

𝑌ℎ𝑘𝑙
)

0.5
)                                    (9) 

 

Where  (
2𝑢𝑒𝑑

𝑌ℎ𝑘𝑙
)

0.5
= 0.1255 

After Plotting   𝛽ℎ𝑘𝑙 𝑐𝑜𝑠 𝜃ℎ𝑘𝑙  versus   4 𝑠𝑖𝑛 𝜃ℎ𝑘𝑙 (
2𝑢𝑒𝑑

𝑌ℎ𝑘𝑙
)

0.5
, we can use the slope to 

estimate the anisotropic energy density (𝑢𝑒𝑑). The stress(𝜎) and microstrain (𝜀)are calculated from 

(𝑢𝑒𝑑) and Yhkl, while the crystallite size ( D) is estimated from intercept [26]. Figures (4a, 4b, 4c 

and 4d) illustrate the UDEDM for the four annealed samples and the results obtained are listed in 

Table 4. 
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Fig. 4 UDEDM  for the ZnO sample at  

a) 275
0
C; b) 375

0
C; c) 475

0
C; d) 600

0
C. 

 

 

The mean crystallite size values applying the UDM, UDSM, and UDEDM models are 

virtually identical, indicating that the insertion of strain in the different formulae of W–H method 

has insignificant impact on the average (D) value.  Nevertheless, the average crystallite sizes 

calculated from Scherrer’s and W–H equations show little disparity that can be attributed to 

dissimilarity of particle size distribution averaging [30].Though the data shows tremendously large 

crystallite size by all Williamson- Hall models for the sample annealed at 600
0
C, still our finding 

agree with previous investigations [33] that reported a convergence in the crystallite size results up 

to 450
0
C.All the ɛ and σ values obtained employing all the Williamson Hall models change 

inversely with the crystallite size in agreement with previously reported data [34,35]. When 

matching up the data obtained by the three models, it can be observed that there is great likeness in 

the parameters values confirming the isotropic character of the nanoparticle.  

 

3.2. Change of ZnO morphology with annealing temperature: 

3.2.1. Scanning Electron Microscopy(SEM) 
Fig. 5 (a – e) portrays the (SEM) images of the precursor and ZnO nanoparticles after 

annealing. The micrographs reveal ZnO nanoparticles with particle like morphological appearance 

and spherical shape with homogeneous size distribution, as described in literature[27]. It is clear 

that nanoparticles get severely aggregated with the increasing of temperature leading to larger 

particle size formation Table 4. This agglomeration and clustering of nanoparticles is an obvious 

result of their high surface energy [28].The nanoparticles diameter obtained from scanning 

electron microscopy (SEM) is greater than the crystallite size from Scherer and W–H calculations. 

This reveals the polycrystalline nature of the nanoparticles that enclose quite a lot of∼36 nm 

crystallite grains [36]. In view of the fact that these polycrystalline particles experience stress 

evaluation of their dislocations density (ρ) is estimated by inserting the crystallite grain size (D)in 



388 

 

the equation [31,37] 𝜌 = (
1

𝐷2). Therefore a dislocation density of 7.72 x 10
-4

 nm
-2

is evidenced for 

the ZnO nanoparticles synthesized in this work. 

 

 
a) 

 
b) 

 

 
c) 

 
d) 

 

 
e) 

 

Fig. 5.  SEM of ZnO Xerogel at 

a) as deposited; b) at 275 
0
C; c) 375 

0
C; d) 475 

0
C; e) 600

0
C 
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Fig. 5f.  EDS of ZnO nanoparticles  

 

 
Table 4. Particle size from SEM results and crystallite size calculated using Scherer 

and Williamson- Hall models. 

 

Annealing T 
oC 

SEM 

(nm) 

Scherrer 

D (nm) 

Williamson- Hall method 

UDM USDM UDEDM 

D 

(nm) 

ε        x 

10-4 

D 

(nm) 

ε         

x 10-4 

σ 

(MPa) 

D 

(nm) 

ε        

x 10-4 
σ(MPa) 𝑢𝑒𝑑(KJm-3) 

275  26.97 19.25 34.65 24.0 30.7 15 185.64 30.8 95 172.2 0.0117 

375  37.00 27.45 33.39 4.0 32.8 4 46.6 32.6 48 86.12 0.0029 

475  50.33 34.18 46.35 3.5 39.04 2 20.8 39.26 33 59.20 0.00138 

600  100. 48 37.27 167.7 2.0 96.25 13 16.3 95.58 19 40.88 0.0102 

 

 

3.2.2. Energy dispersive analysis x- ray (EDS) spectra: 

The EDS study (Fig.5f as a representative) reveals that Zn and O are the major 

constituents of the prepared material and the weight percentages of elemental constituents of the 

samples can be seen in Table. 5. Obviously the carbon ratio diminishes due to the annealing 

temperature elevation. 
 

Table 5.Elemental composition of ZnO precursor and annealed samples from EDS. 

 

Annealing T 
o
C 

The elements (%) 

C  K O  K Zn L 

ZnO Precursor
 

24.62 29.89 45.49 

275 13.24 18.66 68.10 

375 11.40 16.91 71.69 

475 12.95 12.96 68.28 

600 3.26 15.65 81.10 

 

 

3.3. BET Surface area analysis of the as- obtained ZnO precursor and ZnO 

nanoparticles 

The specific surface area (SBET), pore volume and average diameter (BJH) of the as- 

obtained ZnO precursor and the four ZnO samples annealed at 275
0
C, 375

0
C, 475

0
C and 600

0
C 

were determined by N2 adsorption. Fig. 6 displays the N2 adsorption–desorption isotherms of ZnO 

precursor and ZnO samples annealed at different temperatures. The graph (Fig. 6) display a Type-

IV isotherm given by the IUPAC classification [38]. The isotherm indicates that the micorpores 

are filled with the gas at extremely low pressure then a monolayer starts to form at the knee, 



390 

 

whereas a multilayer is formed as the press reaches a medium value. Finally capillary 

condensation prevails as the pressure gets higher. Fig. 6shows that the samples give rise to H3 

hysteresis as an indication of having slit-shaped pores beside that the isotherms of type H3 do not 

illustrate any limiting adsorption at high P/P
0 

which is a sign of particles aggregation in 

consistence with obtained SEM results.  

Fig. 7 portraits the Barret-Joyner-Halenda (BJH) pore size distribution for all specimens. 

All sizes are in the mesoporous range, which coincides with type-IV adsorption isotherm. The 

Average of pores diameter (Fig. 7) are less than 50 nm, which is consistent with mesoporous 

material characteristics. Table6demonstrates a notable diminish in the surface area of ZnO samples 

from 25.3641 to 8.7781m
2
/g and pore volume from0.3536 to 0.0270 cm

3
/g as the temperature was 

elevated to 600°C.The reduction in surface and pore volume as a result of annealing may be the 

collapse the pores and the consequent nanoparticles agglomeration that leads to a reduction in 

specific surface area and pore volumes [39]. The average diameter of the particles (dBET) was 

calculated from the SBET using the formula [40]:   

 

𝑑𝐵𝐸𝑇 =
6000

𝑆𝑆𝐴(𝑚2
𝑔⁄ )𝜌(

𝑔
𝑐𝑚3⁄ )

(10) 

 

Where SSA is the specific surface area and ρ is the material density. The dBET values Table 6 are 

comparable with those obtained from the W-H models Table 4. 

 

 
 

Fig. 6. Nitrogen adsorption-desorption isotherms of ZnO precursor and annealed ZnO nanoparticles. 

 

 

 
 

Fig. 7.Pore size distribution of ZnO precursor and annealed ZnO nanoparticles. 
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Table 6.  BET analysis surface area and porosity of ZnO precursor and ZnO samples. 

 

Annealing T 
o
C 

SBET 

(m
2
/g) 

Pore volume 

(cm
3
/g) 

Average pore 

width (nm) 

BJH pore diameter 

(nm) 

dBET 

(nm) 

ZnO precursor 87.43 0.3536 16.18 -   17.24 14.61 - 14.74 14.0 

 275  25.36 0.1936 30.53 - 31.39 41.83 - 37.04 42.0 

375
 

22.81 0.1235 21.65  - 33.38 36.06-  34.83 46.9 

475 15.16 0.0506 13.36  - 22.36 38.28 - 35.29 70.61 

600  8.78 0.0270 12.32 - 17.79 23.93 -22.57 121.9 

 

 

3.4. Thermogravimetric analysis of ZnO precursor (TG-DTA) 
TG-DTA measurement was performed to study the thermal stability the ZnO precursor. As 

revealed by Fig. 8, there is a minor weight loss (≈ 5 %) at around 200 
0
Cowing to moisture and 

volatile solvent desorption. The major weight loss step in the 236
0
C – 289

0
Ctemperature range, is 

an indication of the precursor decomposition and the loss of CO2 [16]. The rapid weight loss and 

the endothermic peak around 236
0
C to 289

0
C may be attributed to decomposition of the precursor, 

and the thermal decomposition was almost completed before 300
0
C was attained. This implies that 

300
0
C would be a satisfactory temperature for the precursor decomposition and acquiring the ZnO 

nanoparticles. 

 

 
 

Fig. 8. TG-DTA graphs of the ZnO precursor. 

 

 

3.4. Fourier transforms infrared studies (FTIR) ZnO at 275
0
C 

FTIR spectra were recorded for ZnO annealed at 275 
0
C in the range of 4000- 400 cm

-1
. 

The obtained spectra are presented in Fig. 9. The appearance of absorption peaks around 3442.25 

cm
-1

and 1622.22 cm
-1

 can be ascribed to O-H stretching and bending vibrations, respectively. The 

O = C = O vibration of CO2 molecule existing in air [41] is indicated by  band around 2427.75 cm
-

1
. The presence of nitrate peaks at around 836.35 cm

-1
can be originated from zinc nitrate used as 

zinc source. The formation of the target ZnO nanoparticles is confirmed by the IR broad 

absorption feature positioned at 443.96 cm
-1

 which agrees with the stretching vibration of Zn-O 

[42].  
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Fig.9. FT-IR spectra of ZnO annealed at 275
0
C. 

 

 

4. Conclusions 
 

This paper describes the production of ZnO nanoparticles via the precipitation method 

using zinc nitrate hexahydrate  Zn(NO3)2.6H2O and sodium carbonate Na2CO3 and a subsequent 

annealing of the resulting nanostructures at 275
0
C to 600

0
C temperature range. TGA-DTA 

measurements revealed the decomposition of the precursor to form ZnO particles above 289
0
C.The 

XRD data affirmed the formation of ZnO nanoparticles having the characteristic wurtzite 

(hexagonal phase) structure.  

The broadening of the XRD peaks analysis by both Scherrer’s and W–H formulae denoted 

an increment in ZnO nanoparticles average crystallite size with the rise in temperature. However, 

there was a small variation between ZnO crystallite size enumerated from XRD data and those 

obtained from SEM which can be attributed to agglomeration in products. The values of the strain, 

stress, and energy density estimated using the W–H models were comparable with good 

concurrence between them. BET results reveal a Type-IV isotherm with H3 hysteresis and a 

mesoporous pore size distribution for all samples. The FTIR results substantiated the synthesis of 

ZnO nanoparticles as stipulated by a peak at 443.96 cm
-1

ascribed to the Zn-O bond. 
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